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(57) ABSTRACT 

An image interpolation method comprises searching a 
motion Vector from different pairs of blocks on a ?rst and a 
second reference image symmetrically, extracting a ?rst and 
a second image block from the ?rst and the second reference 
image, respectively, the ?rst and the second image block 
being located by the motion Vector, determining a region 
determination threshold using an absolute difference 
between paired opposite pixels of the ?rst and the second 
image block, extracting from each of the ?rst and the second 
image block a ?rst pixel region that the absolute difference 
is smaller than the region determination threshold, and 
obtaining a pixel Value of a second pixel region of the 
to-be-interpolated block from a pixel Value of the ?rst pixel 
region of each of the ?rst and the second image block, the 
second pixel region corresponding to the ?rst pixel region. 
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FRAME INTERPOLATION METHOD AND 
APPARATUS, AND IMAGE DISPLAY 

SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2003 
155463, ?led May 30, 2003, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a frame interpolation 

method and apparatus of interposing at least one interpola 
tion frame betWeen adjacent frames for the purpose of 
decreasing a display frame interval in playing back a video 
image, and an image display system using the same. 

2. Description of the Related Art 
In a hold model picture display apparatus Which continues 

to display a previous frame till an image is neWly Written in, 
such as a liquid crystal display and an electroluminescence 
display, there are problems such as a blurring occurring 
When eyes of a vieWer folloW movement of a moving object 
in a video display, and an unnatural movement due to 
displaying a video With a feW frames. 
A display frame interval may be decreased for the prob 

lems to be solved. Aconcrete method of decreasing a display 
frame interval is to generate an interpolation frame using 
motion compensation used by MPEG (Motion Picture 
Experts Group) and to interpose it betWeen adjacent frames. 
In the motion compensation in MPEG, a motion vector 
detected by an image block matching method is used. The 
image block matching method includes dividing a ?rst 
reference frame into a plurality of ?rst image block, search 
ing a second reference frame approximate to the ?rst refer 
ence frame for a second image block having a maximum 
correlation With respect to each ?rst image block, and 
deriving a motion vector from the second image block to the 
?rst image block. 

In the image block based frame interpolation method 
using such motion compensation, When an interpolation 
frame is generated by the motion compensation, at ?rst a 
scaling process Which converts a ?rst motion vector betWeen 
the ?rst and the second reference frames to a second motion 
vector betWeen the interpolation frame and the ?rst refer 
ence frame is carried out. Carrying out the motion compen 
sation using the second motion vector provided by the 
scaling process generates the interpolation frame. In other 
Words, the end point of the second motion vector is ?xed on 
the ?rst reference frame, and the image data of the image 
block indicated by the end point of the second motion vector 
is copied to the position of the to-be-interpolated block 
indicated by the starting point of the second motion vector 
on the interpolation frame. 

In this method, the starting point of the second motion 
vector provided by the scaling does not alWays coincide With 
the position of the original to-be-interpolated block on the 
interpolation frame. For this reason, a gap having no image 
data or a region on Which image data are overlapped may 
occur on the interpolation frame. 

Japanese patent publication No. 2528103 (patent docu 
ment 1) discloses a frame interpolation method Without such 
a gap or overlapping. This method interpolates a frame by 
deriving correlation betWeen reference frames located 
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2 
before and after With respect to a to-be-interpolated block on 
the interpolation frame. As a result, it is possible to generate 
an interpolation frame directly by using the motion vector 
derived at ?rst Without scaling of a motion vector. Further, 
the to-be-interpolated blocks are arranged on the interpola 
tion frame in a form of a uniform lattice, so that the gap or 
overlapping does not occur on the interpolation frame. 
The method of the patent document 1 is an image block 

based method to process an image in units of an image block 
similarly to MPEG. For this reason, there is a problem that 
a block distortion occurs on a boundary betWeen the image 
blocks on the interpolation frame in the case that there are 
a plurality of movements in the image block. 
When an object moves from left to right on a stationary 

background, interpolation is performed on the background 
around the object. In this time, completely different back 
grounds are averaged, resulting in producing a different 
background around the object. Therefore, a gap occurs 
betWeen the background around the object and the original 
background on the outside thereof. The gap is visually 
recogniZed as block distortion. 
An object of the invention is to provide a frame interpo 

lation method and apparatus Wherein no block-to-block gap 
and no block overlapping occur on an interpolation frame 
and block distortion is suppressed, and an image display 
system using the same. 

BRIEF SUMMARY OF THE INVENTION 

An aspect of the invention provides an image interpola 
tion method of interposing an interpolation image betWeen 
a ?rst reference image and a second reference image adja 
cent to the ?rst reference image in terms of time, the method 
comprising: searching a motion vector from different pairs 
of blocks on the ?rst reference image and the second 
reference image symmetrically; extracting a ?rst image 
block and a second image block from the ?rst reference 
image and the second reference image, respectively, the ?rst 
image block and the second image block being located by 
the motion vector; determining a region determination 
threshold using an absolute difference betWeen paired oppo 
site pixels of the ?rst image block and the second image 
block; extracting from each of the ?rst image block and the 
second image block a ?rst pixel region that the absolute 
difference is smaller than the region determination thresh 
old; and obtaining a pixel value of a second pixel region of 
the to-be-interpolated block from a pixel value of the ?rst 
pixel region of each of the ?rst image block and the second 
image block, the second pixel region corresponding to the 
?rst pixel region. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a block diagram of an image display system 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a diagram of explaining a concept of a frame 
interpolation in the ?rst embodiment; 

FIG. 3 is a diagram of explaining a technique of avoiding 
block distortion in the ?rst embodiment; 

FIG. 4 is a diagram shoWing an example that a region 
partitioning betWeen blocks of each of tWo reference frames 
is done justly; 

FIG. 5 is a diagram shoWing an example that a region 
partitioning betWeen blocks of each of tWo reference frames 
fails to be done justly; 
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FIG. 6 is a general ?owchart of a process routine of a 
frame interpolation in the ?rst embodiment; 

FIG. 7 is a diagram of describing an image block extrac 
tion of a reference frame process and a motion estimation 
process thereof in the ?rst embodiment; 

FIG. 8 is a diagram of describing a low correlation ?lter 
in the ?rst embodiment; 

FIG. 9 is a ?owchart of a detailed procedure of the motion 
estimation process in the ?rst embodiment; 

FIG. 10 is a ?owchart of a detailed following procedure 
of the motion estimation process in the ?rst embodiment; 

FIG. 11 is a diagram of describing an initial mismatch 
?lter in the ?rst embodiment; 

FIG. 12 is a diagram of explaining a motion vector 
detection process of iteration 1 in the motion estimation 
process in the ?rst embodiment; 

FIG. 13 is a diagram of explaining a high correlation 
determination process of iteration 1 in the motion estimation 
process in the ?rst embodiment; 

FIG. 14 is a diagram of explaining a motion vector 
detection process of iteration ite in the motion estimation 
process in the ?rst embodiment; 

FIG. 15 is a diagram of explaining a correlation determi 
nation process of iteration ite in the motion estimation 
process in the ?rst embodiment; 

FIG. 16 is a ?owchart of a detailed procedure in a motion 
compensation process in the ?rst embodiment; 

FIG. 17 is a diagram showing an example of a pattern 
wherein a plurality of movements are included in the ?rst 
and second image blocks, and the image blocks can be justly 
divided in region in the ?rst embodiment; 

FIG. 18 is a diagram showing an example of a pattern 
wherein a plurality of movements are included in the ?rst 
and second image blocks but the image blocks each cannot 
be justly divided in region in the ?rst embodiment; 

FIG. 19 is a diagram showing an example of dividing the 
image blocks of two reference frames corresponding to the 
pattern of FIG. 17; 

FIG. 20 is a diagram showing an example of dividing the 
image blocks of two reference frames corresponding to the 
pattern of FIG. 18; 

FIG. 21 is a diagram showing another example of dividing 
the image blocks of two reference frames; 

FIG. 22 is a diagram showing another example of dividing 
the image block of two reference frames; 

FIG. 23 is a ?owchart of a detailed procedure of a region 
division threshold determination process in the ?rst embodi 
ment; 

FIG. 24 is a block diagram of an image display system 
concerning the second embodiment of the present invention; 

FIG. 25 is a general ?owchart of frame interpolation in the 
second embodiment; 

FIG. 26 is a ?owchart of a detailed procedure of a motion 
estimation process in the second embodiment; 

FIG. 27 is a ?owchart of the detailed procedure of the 
motion estimation process in the second embodiment; and 

FIG. 28 is a ?owchart of a detailed procedure of a motion 
vector search process in the second embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

There will now be described the embodiment of the 
present invention referring to the drawing. 

First Embodiment 1 
FIG. 1 shows a con?guration of a video display system 

related to the ?rst embodiment of the present invention. 
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4 
There is described an example to convert an input picture 
signal (video signal) 10 which is a non-interlace signal of 60 
HZ (progressive signal) into a non-interlace signal of 120 
HZ. 
Frame interpolation in the present embodiment is realiZed 

by interpolating an interpolation frame Q (at a middle 
position in terms of time between reference frames P1 and 
P2 (images)) between the two reference frames P1 and P2 
adjacent in terms of time with respect to the non-interlace 
input signal of 60 HZ as shown in FIG. 2. 

In FIG. 1, the video signal 10 is input to a frame memory 
11 and a motion estimation unit 12. The motion estimation 
unit 12 comprises a movement motion search module 13, a 
high correlation region determination division module 14 
and an optimum threshold determination module 15. The 
movement search module 13 searches for a motion vector 
between the reference frames P1 and P2. The searched 
motion vector is input to a motion compensation module 15. 
Motion compensation is done using the motion vector in the 
motion compensation module 15 to generate an interpolation 
frame (image) Q. 

It is determined in the high correlation region determina 
tion module 14 whether the pixel values of the opposite 
pixels between the image block of the reference frame P1 
and the image block of the reference frame P2 substantially 
coincide with each other. The image block is a small 
rectangular region of a uniform siZe including a plurality of 
pixels, for example, 8*8 pixels. A pair of opposite pixels are 
a pair of pixels that are equal in position to each other 
between two image blocks. The determination result of the 
high correlation region determination module 14 is input to 
the movement search module 13 and the optimum threshold 
determination module 15. 
The optimum threshold determination module 15 deter 

mines an optimum threshold for dividing each image block 
of each of the reference pictures P1 and P2 into the high 
correlation region (the ?rst region) and the low correlation 
region (the second region). The correlation determination 
module 14 determines a high correlation region or a low 
correlation region for each image block according to a 
region determination value and divides the image block into 
the high correlation region and low correlation region 
according to this determination result. The processes of the 
movement search module 13, the high correlation determi 
nation module 14 and the optimum threshold determination 
module 15 are described in detail hereinafter. 
A method shown in FIG. 3 is thought in order to prevent 

the block distortion apt to occur in a conventional block 
based frame interpolation method as previously described. 
The reference frames P1 and P2 are divided into the image 
blocks B1 and B2 respectively. Further, the image blocks B1 
and B2 are divided into the high correlation region R1 and 
the low correlation region R2. A motion vector is assigned 
to the pixels of the high correlation regions R1 of the image 
blocks B1 and B2. The low correlation region R2 is recur 
sively subjected to a motion vector searching to make it 
possible to assign another motion vector to the pixels of the 
low correlation region R2. 
The high correlation region R1 is a region of pixels whose 

pixel values can be considered to coincide substantially 
between the image blocks B1 and B2. More speci?cally, it 
is a high correlation region that an absolute difference 
between a pair of opposite pixels of the image blocks B1 and 
B2 is smaller than a region determination threshold T1. The 
low correlation region R2 is a region that pixel values of the 
image blocks B1 and B2 can be considered to be low 
correlation substantially therebetween. More speci?cally, it 
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is a loW correlation region that the absolute difference is not 
less than the region determination threshold Tl. An inter 
polation pixel value is generated by using the pixel values of 
the high correlation regions R1 of the is image blocks B1 
and B2, and copied to a to-be-interpolated block thereby to 
generate an interpolation frame. 

It is possible to solve a problem of block distortion by 
such a method. However, this method cannot justly divide 
the image block B1 and B2 into the high correlation region 
R1 and loW correlation region R2 due to hoW to set the 
region determination threshold Tl, resulting inall process 
becoming insigni?cant. When the paired opposite pixels of 
the image blocks B1 and B2 are comparatively near in pixel 
value as shoWn in FIG. 4, and the region determination 
threshold T1 is set to “5” for the image block B3 con?gured 
With pixels of the absolute difference, the image blocks B1 
and B2 can be justly divided into the high correlation region 
R1 and the loW correlation region R2. The paired opposite 
pixels are a pair of opposite pixels of the image blocks B1 
and B2 Which coincide in position. 

In contrast, assuming the pixel values of the opposite 
pixels of the image blocks B1 and B2 are comparatively 
different as shoWn in FIG. 5. In this case, if the threshold T1 
is set to the same “5” With respect to the image block B3, a 
division state that all pixels in the block becomes the loW 
correlation region R2 results in. This division state differs 
from that vieWed by a user. 

If the region determination threshold T1 is set to “l l” for 
the image blocks B1, B2 and B3 as shoWn in FIG. 5, the 
image blocks B1 and B2 should be able to be divided justly 
into the high correlation region R1 and the loW correlation 
region R2 in the same Way as FIG. 4. The method of 
determining such an optimum region determination thresh 
old is not knoWn. The present embodiment provides a 
method of determining an optimum region determination 
threshold every image block in a dynamic by solving an 
optimiZation problem of the threshold due to distribution 
(referred to as luminance distribution) of pixel values (lumi 
nance) in an image block. 
A frame interpolation procedure including a process of 

determining the optimum region determination threshold 
determination process based on the present embodiment is 
described in conjunction With FIG. 6 hereinafter. An inter 
polation frame (interpolation frame Q to be interpolated) is 
divided into small rectangular regions (referred as to to-be 
interpolated blocks) B0 of a uniform siZe as shoWn in FIG. 
7 (step S101). The to-be-interpolated blocks B0 divided in 
step S101 are sequentially scanned (step S102). A motion 
estimation process (step S103) and motion compensation 
process (step S104) are performed for each of the to-be 
interpolated blocks B0 till all of the to-be-interpolated 
blocks B0 on the interpolation frame have been scanned in 
step S105. 

Motion estimation is done in step S103 as described 
beloW, to derive a group of motion vectors and a group of 
loW correlation ?lters (subroutine 1). The loW correlation 
?lter is a digital ?lter having “0” or “1” as a pixel value and 
the same shape and siZe as the to-be-interpolated block B0 
as shoWn in FIG. 8. The high correlation pixel is indicated 
by “0”, and the loW correlation pixel by “1”. In step S104, 
motion compensation for generating an interpolation frame 
is done based on the group of motion vectors and the group 
of loW correlation ?lters that are derived by the subroutine 
1 of step S103 and the reference frames P1 and P2. 

<Motion Estimation Process> 
There Will be explained the motion estimation process of 

step S103 Which is subroutine 1 shoWn in FIG. 3. In the 
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motion estimation process, the motion vector are searched 
for a pair of image blocks B1 and B2 of maximum corre 
lation in the search regions setting to the reference frames P1 
and P2, to obtain a motion vector (movement search pro 
cess). 
The optimum region determination threshold T1 is com 

puted from the image blocks B1 and B2 in the reference 
frames P1 and P2 that are located by the motion vector 
searched for by the movement search process (optimum 
threshold determination process). 
The correlation of the blocks is determined every pixel 

from the absolute difference betWeen the opposite pixels of 
the image blocks B1 and B2 according to the region deter 
mination threshold T1. The above-mentioned loW correla 
tion ?lter is generated (high correlation determination pro 
cess). 

In the last, there is executed a process to search recur 
sively only the loW correlation pixels for a motion vector 
using a loW correlation ?lter. 
A detailed procedure of the motion estimation process is 

described With reference to FIGS. 9 and 10. At ?rst, iteration 
is started. With assumption that an iteration variable 
assumes ite and a digital ?lter of the same shape and siZe as 
the to-be-interpolated block B0 is used as a loW correlation 
?lter, “1” indicating that all the block is loW correlation 
pixels is inserted in a loW correlation ?lter [0] of initial 
iteration as shoWn in FIG. 11 (step S201). [0t] indicates 
iteration a (ite:0t). Although the iteration is processed sev 
eral times repeatedly, at ?rst the iteration 1 (ite:l) assumes 
to be processed. 
As shoWn in FIG. 7, the image blocks of the reference 

frame P1 and the image blocks of the reference frame P2 are 
searched symmetrically around the to-be-interpolated block 
B0 in the interpolation frame position for a pair of image 
blocks B1 and B2 having the maximum correlation. A 
motion vector [1] betWeen the searched image blocks B1 
and B2 is derived (step S202). In the case of correlation 
operation, only loW correlation pixels Whose values is “l” in 
the loW correlation ?lter are subjected to operation as shoWn 
in FIG. 12. NoW, since all of the pixels in the loW correlation 
?lter [0] are “1”, all of the pixels of the image block are 
subjected to correlation operation. The image blocks B1 and 
B2 located by the motion vector [1] are derived from the 
reference frame P1 and P2 respectively (step S203). 

In the sub-routine 3, the optimum region determination 
threshold Tl corresponding to luminance distribution is 
determined by the absolute difference betWeen the pixel 
values of paired opposite pixels of the image blocks B1 and 
B2 (step S204). The determination process of the region 
determination threshold Will be described in detail later. 

Next, the image blocks B1 and B2 are to be scanned (step 
S205). In this time, the high correlation determination 
process is executed. In the high correlation determination 
process, an absolute value difference betWeen the pixel 
values of paired pixels in opposite pixel positions (pixel 
positions equal to each other With respect to the opposite 
pixel blocks) is obtained With respect to the image blocks B1 
of the reference frame P1 and the image blocks B2 of the 
reference frame P2 Which are prescribed by the motion 
vector [1] as shoWn in FIG. 13 (step S206). 
The absolute difference is compared With the threshold Tl 

(step S207). When the absolute difference is smaller than the 
threshold T1, the paired opposite pixels of the image block 
B1 and B2 are determined to be high correlation pixels. “0” 
is inserted into the loW correlation ?lter [1] (step S208). 
When the absolute difference is not less than the threshold 
T1, the paired opposite pixels of the image block B1 and B2 














